(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(11) 



EP 0 956 854 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) Int. Cl.«: A61K 31/12. A61K 31/05 


17.11.1999 Bulletin 1999/46 






(86) International application number: 


(21 ) Application number: 97935798.5 


PCT/JP97/02845 


(22) Date of filing: 18.08.1997 


(87) International publication number: 




WO 98/07417 (26.02.1998 Gazette 1998/08) 


(84) Designated Contracting States: 


. SAKAMOTO, Yoshitomo 


BE CH DE DK ES FR GB IT LI NL SE 


Akashi-shi, Hyogo 674 (JP) 




• MORIKAWA, Soulchi 


(30) Priority: 16.08.1996 JP 23472996 


HImeji-shi, Hyogo 670 (JP) 


1 3.06.1 997 JP 1 731 91 97 


• HIDAKA, Takayoshi 




Kobe-Shi, Hyogo 655 (JP) 


(71) Applicant: KAN EKA CORPORATION 




Osaka-Shi, Osaka 530-8288 (JP) 


(74) Representative: 




Hubert, Philippe et al 


(72) Inventors: 


Cabinet Beau de Lomenie 


• MAE, Tatsumasa 


158, rue de I'Universite 


Kakogawa-shi, Hyogo 675-01 (JP) 


75340 Paris CMex 07 (FR) 



(54) PHARMACEUTICAL COMPOSITION COMPRISING COENZYME Q 10 

(57) The present invention has for Its object to pro- 
vide a medicinal composition comprising coenzyme Q^o 
as an active ingredient, which composition features an 
enhanced absorption after oral administration. 

The present invention is directed to a medicinal 
composition comprising coenzyme Q^q as an active 
ingredient with the reduced form of coenzyme Q-io 
accounting for more than 20 weight %.qf said coenzyme 
Qio- 



in 

CO 

CO 
LO 



o. 

UJ 



Priruad by Xerox (UK) Business Services 
2.16.7/3.6 



BNSDOCID: <EP P956854A1 J_> 



EP 0 956 854 A1 



Description 
TECHNICAL FIELD 

[0001] The present Invention relates to a medicinal composition with improved absorption after oral administration 
which comprises a coenzyme Qio of the following general fbnnula (1-A) as an active ingredient. 



O 




(1-A) 



BACKGROUND ART 

[0002] Coenzyme Q^o is a class of physiological substances occumng as component factors of the mitochondrial 
electron transfer system within the biological cell. Coenzyme Q^q acts directly as an electron carrier in the oxidative 
phosphorylation reactions, through metabolic pathways, particularly aerobic pathways, to produce ATP and hence 

energy. u i 

[0003] It seems that the demand for coenzyme Qio is increased in normal subjects m the state of severe physical 
fatigue and patients with cardiovascular disease, chronic debilitating disease, or on prolonged pharmacotherapy It has 
been shown that a deficiency of coenzyme Qio occurs particularly in Ischemic heart diseases, senile myocardial scle- 
rosis, and hypertensive heart diseases. Therefore, it is a sound therapeutic choice to administer coenzyme Q^q to those 
patients. 

[0004] Moreover, coenzyme Qio has been used for non-therapeutic purposes as a nutrient or nutritional supplement 
just like vitamins. 

[0005] In order that coenzyme Qio may express its therapeutic efficacy or nutritional effect, it is most important to 
increase the coenzyme Qio ievel within the patient's tissue cells, 

[0006] Coenzyme Qio is a lipld-soluble and practically water-insoluble substance and, therefore, it is only sparingly 
soluble in gastric juice. Consequently, oral dosage forms containing coenzyme Qio in solid state, such as tablets, gran- 
ules, capsules, and suspensions for extemporaneous preparation, are not well absorbed after oral administration. This 
means that a considerably greater amount of coenzyme Q^Q than actually needed must be administered to the patient 
but such a practice tends to cause adverse gastrointestinal reactions such as epigastric discomfort, anorexia, nausea. 

and diarrheas. l< • d w 

[0007] Much research has heretofore been undertaken for overcoming those disadvantages. Japanese Kokai Publi- 
cations Sho-55-81813 and Sho-61-221 131, among others, disclose coenzyme Qio formulations of the solution type or 
the emulsion/dispersion type. However, such pharmaceutical devices are not sufficient to improve the absorption of 
coenzyme Qio in a satisfactory measure. 

[0008] Japanese Kokai Publication Sho-56-1 891 4 discloses a technology for accelerating the lymphatic absorption of 
coenzyme Qio- This technology has been demonstrated to increase the absorption of coenzyme Qio in a certain meas- 
ure but has not proved practically useful as yet. 

[0009] Japanese Kokai Publication Sho-60-89442 discloses a cyclodextrin-dathrated coenzyme Qio formulation. 
Japanese Kokai Publication Sho-60-1 124 discloses a coenzyme Qio-containing ribosomal formulation. However, those 
coenzyme Qi q preparations require a complicated pharmaceutical procedure for production and are not practically fully 
satisfactory 

[0010] Italian Patent 1 190442 Specification discloses a technology which, instead of using coenzyme Qio as such, 
comprises converting a reduced form of coenzyme Qio to a derivative such as an acyl ester, a sulfuric acid ester, or a 
phosphoric acid ester and administering this coenzyme Qio derivative for enhanced absorption. However, the effect of 
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the technology has not been supported by experimental data. 
SUMMARY OF THE INVENTION 

5 [001 1] The present invention has for its object to provide a medicinal composition comprising coenzyme Qio as an 
active Ingredient, which composition features an enhanced absorption after oral administration. 
[0012] In the course of their intensive research for overcoming the above-mentioned disadvantages of the prior art, 
the inventors of the present invention discovered that when a medicinal composition containing a reduced form of coen- 
zyme Qio was prepared and administered to patients by the oral route, a considerably higher bioavailability was sur- 

10 prisingly obtained as compared with the conventional medicinal composition containing only the oxidized fomi of 
coenzyme Qio- The present invention has been developed on the basis of the above finding. 

[001 3] The present invention, therefore, is directed to a medicinal composition comprising coenzyme Qio as an active 
ingredient with the reduced form of coenzyme Qio accounting for more than 20 weight % of said coenzyme Qio- 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a graphical representation of the relationship of plasma total coenzyme Qiq concentration with the time 
20 after administration. The ordinate represents the plasma total coenzyme Q^o concentration and the abscissa rep- 
resents the time after administration. Each plot represents mean ± standard deviation (n=4). 
Fig. 2 is a graphical representation of the relationship of the total plasma coenzyme Qio concentration at 3 hours 
after administration with the weight ratio of oxidized form of coenzyme Qio to reduced form of coenzyme Qio in 
each sample. The orclinate represents the plasma total coenzyme Qio concentration and the abscissa represents 
25 the oxidized form of coenzyme Qio-reduced form of coenzyme Qio ratio by weight. Each bar represents meant 
standard deviation (n=4). 

DETAILED DESCRIPTION OF THE INVENTION 

30 [001 5] The present invention is now described in detail. 

[001 6] It is known that a fairly high proportion, usually about 40 to 90%. of coenzyme Qio occurs In reduced form in 
the body. 

[001 7] In vivo, the reduced form of coenzyme Qio Is readily transformed to the oxidized form, while the oxidized form 
of coenzyme Qio Is readily transformed into the reduced form. Therefore, coenzyme Qio >n vivo can be generaUy 
35 expressed by the following formula (1 ). 
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CH30.^^.-^*\^CH3 



CHjO 



CHiO^ rcH2-CH=c-ai,-i-ii 

I ^ '10 
OH 



(I) 



(1-A) 



(1-B) 



SO [0018] Referring to the above formula (1). the general formula (1-A) represents the oxidized form of coenzyme Qio 
and the general formula (1 -B) represents the reduced form of coenzyme Qiq. 

[001 9] In the conventional medicinal composition containing a coenzyme Qio as an active Ingredient, the sole active 
ingredient is the oxidized form of coenzyme Oio of the above chemical formula (1-A). In contrast, the medicinal compo- 
sition of the present invention comprises a reduced form of coenzyme Qio of the above chemical formula (1-B) as an 
55 active ingredient coenzyme Qio- Consequently, as compared with the conventional medicinal composition containing 
only the oxidized form of coenzyme Qio as an active ingredient the medicinal composition of the present invention is 
improved In absorption after oral administration and insures a higher bioavailability. 

[0020] There Is no particular limitation on the technology for providing said reduced form of coenzyme Qiq. A typical 
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method, which is by no means exclusive, comprises harvesting a coenzyme Q^from J^^y"*^^? ^^^^^^ 
lermentation broth, or a natural source by procedures known in the art and subjecbng rt to 

Sl-^'nSSTc he»!^lseaso. senile n„oca,dial scte^sis. Iw»«nsl«e d«eas.. etc. » can also b, used 

s^n^tsn^ir=»rrsTS'r4,.e .ea^ina, c--- -isrsiCe^ 

mav for examoie be powders granules containing a binder component, or compression-mokled tablets. Such powaere 

. SS&rJsr=:s^i^".— ^^^^^^ 

SSS"' ™e"*S^Si^™Su=,es .»« is no, llcHed » suoose. laCose. gK«osa c„n 
5Si"rarea^':^°S^:^-SSrn,a,a,.cal=,»,c«e.ca,^n,^^ 
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30 

[0025] 



40 

[0028] 

SrSbii includes but is not limited to ethylcellulose. methylcellulose. hydroxypropylmethylcellulose. gum tra- 
SS'" The antioxidam includes but is not limited to ascorbic acid, tocopherol, vitamin A. p-carotene. sodium hydro- 

. ;S]^"^?:s~ncr4r;s^^iim^ 

1^331 Theabsorptlonpromoterincludesbutisnotlimitedtohigheralcohols.higherfattyacids.andglyc^^ 

esters 
[0034] 
fumari( 
[0035] 



"ITi re*l!rned so,ub»lze, fc. »« ac«ve mgredlen. IncWes bu. is n« Bn«ed « canic «ids su* as 



KnTeld. Socia be sa1«ad accoKlIng to «>e usage such as a dnig. a velennar, medians, a a n*»nl 
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[0037] For oral administration to domestic animals or fowls, the composition can be used as admixed into the feed or 
administered by a conventional forced manner. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] The following examples and formulation examples are intended to illustrate the present invention in further 
detail and should by no means be limitative of the scope of the present invention. 

Example 1 

(1) Preparation of samples 

Preparation of Sample 1 

IS [0039] A 5:95 (w/w) mixture (0.3 g) of oxidized form of coenzyme Q^o and reduced form of coenzyme Q^o was melted 
on a water bath at 50*^0 and an olive oil was added to the melt to make 6.0 ml. This mixture was homogenized at SO^'C 
to provide an oily composition. 



w 



20 



25 



Preparation of Comparative Sample 1 

[0040] Oxidized coenzyme Q^q (0.3 g) was melted on a water bath at SO'^C and an olive oil was added to the melt to 
make 6.0 ml. This mixture was homogenized at 50*C to provide an oily composition. 

(2) Oral absorption test 



[0041 ] Sample 1 and Comparative Sample 1 were used as test samples. The test was performed using male CrjrCD 
(SD) rats (body weights 260 to 300 g) under well-fed conditions. As to dosage, each test sample was administered 
orally at the rate of 100 mg of total coenzyme Q^o 9^^ kg body weight. In the test, the total plasma coenzyme Qio con- 
centration was determined before administration (not administered) and serially after administration. Four rats were 

30 used per test sample for each time-point. The total coenzyme Qio means the sum of the mixture comprising the oxi- 
dized and reduced forms of coenzyme Q^o- The total plasma coenzyme Qio concentration was assayed as tiie concen- 
tration of oxidized form of coenzyme Q^o tiie following manner. To 1 .0 ml of the obtained plasma sample, 2.0 ml of 
water. 4.0 ml of ethanol, and 10.0 ml of n-hexane were added in the order mentioned. The mixture was shaken vigor- 
ously for about 5 minutes and then centrifuged to separate into two layers. The organic layer was taken and the aque- 

35 ous layer was further extracted with 1 0.0 ml of n-hexane twice in the same manner. The resulting organic layers and the 
organic layer previously taken were combined and evaporated to dryness. To the residue was added 250 jil of etha- 
nol:1N-hydrochloric acid (99:1. v/v) for use as an assay sample. The assay of coenzyme Qio was carried out by high- 
performance liquid chromatography under the following conditions. 

40 Column: 250 mm long x 4.6 mm in diameter SYMMETRY CI 8 (Waters) 

Mobile phase: 0.5 M NaCIO4/C2H5OH:CH3OH:CH3CN:70%HCIO4 (400:300:300:1 . v:v) 

Detection wavelength: 275 nm 

Flow rate: 1 ml/min. 

45 [0042] The test results are presented in Fig. 1 . In Fig. 1 , the ordinate represents total plasma coenzyme Q^o concen- 
tration and the abscissa represents tiie time after administration. Each plot is mean ± standard deviation. 
[0043] It is apparent from Fig, 1 that whereas the plasma concentration peak appeared at 3 hr after administration in 
the case of the composition containing only the oxidized form of coenzyme Q^q, the peak appeared 1 hour earlier, i.e. 
at 2 hours after administration, in the case of the composition comprising the reduced form of coenzyme Qio- Further- 
so more, the concentration level is also 2.1 times as high for the composition comprising the reduced form of coenzyme 
Qio- It is, thus, clear that compared with the composition containing only the oxidized form of coenzyme Q^q. tiie medic- 
inal composition of the present invention is absorbed faster arKi in a larger amount. 

55 
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Example 2 

(1) Preparation of samples 

5 Preparation of Sample 2 

[0044] Using a 20:80 (w/w) mixture of oxidized form of coenzyme Qio and reduced form of coenzyme Qio. Test Sam- 
ple 2 was prepared in the same manner as the preparation of Sample 1 in Example 1 . 

10 Prpparation of Sample 3 

[0045] Using a 40:60 (w/w) mixture of oxidized form of coenzyme Qio and reduced form of coenzyme Qio. Test Sam- 
ple 3 was prepared in the same manner as the preparation of Sample 1 in Example 1 . 

75 Preparation of Sample 4 

[0046] Using a 60:40 (w/w) mixture of oxidized form of coenzyme Qio and reduced form of coenzyme Qio. Test Sam- 
ple 4 was prepared in the same manner as the preparation of Sample 1 in Example 1. 

20 Preparation of Comparative Sample 2 

[0047] Using a 80:20 (w/w) mixture of oxidized form of coenzyme Qio and reduced form of coenzyme Qio- Compar- 
ative Sample 2 was prepared in the same manner as the preparation of Sample 1 in Example 1. 

25 (2) Oral absorption test 

[0048] Sample 1 . Sample 2. Sample 3. Sample 4. Comparative Sample 1 . and Comparative Sample 2 were used as 
test samples. The test was performed in the same manner as described in Example 1 except that the determination of 
total plasma coenzyme Qio concentration was carried out at 3 hours after administration. 

30 [0049] The test results are presented in Fig. 2. In Fig. 2. the ordinate represents the total plasma coenzyme Qi o con- 
centration at 3 hours after administration and the abscissa represents the weight ratio of oxidized form of coenzyme Qio 
to reduced form of coenzyme Qio in the test sample. Each bar represents mean ± standard deviation. 
[0050] It is apparent from Fig. 2 that compared with the composition containing only the oxidized form of coenzyme 
Qio and the composition in which the reduced form of coenzyme Qio accounts for 20 weight % of total coenzyme Qio. 

35 administration of the compositions in which reduced form of coenzyme Q^o accounts for 40 weight % or more of tota^ 
coenzyme Qio resulted in higher plasma coenzyme Qio concentrations. Moreover, with a weight ratio of contained 
reduced fomi of coenzyme Qio increasing, tiie plasma coenzyme Qio concentration was further increased. Those 
results indicate that because it contains 40 weight % or more of the reduced form of coenzyme Qi o. the medicinal com- 
position of the present invention is absorbed in a definitely larger amount than the composition containing only the oxi- 

40 dized forni of coenzyme Qio and the composition in which the reduced form of coenzyme Qio accounts for 20 weight 
% or less of the total coenzyme Qio content. 

[0051] Then, using a 15:85 (w/w) mixture of oxidized form of coenzyme Qio and reduced form of coenzyme Qio (here- 
inafter referred to as main medicine) as an active ingredient, several dosage forms were prepared by the conventional 
pharmaceutical procedures. 

Formulation Example 1 (powders) 

[0052] The main medicine w/as dissolved in acetone and the solution was adsorbed on microcrystalline cellulose, fol- 
lowed by drying. The product was mixed with corn starch to provide powders in the routine manner. 



45 



SO 



55 



Main medicine 


10 


Parts 


by 


weight 


Microcrystalline cellulose 


40 


Parts 


by 


weight 


Corn starch 


55 


Parts 


by 


weight 
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Formulation Exanrple 2 (tablets) 

[0053] The main medicine was dissolved in acetone and the solution was adsort)ed on microcrystalline cellulose, fol- 
lowed by drying. The product was mixed with corn starch, lactose, carboxymethylcellulose, and magnesium stearate 
and the mixture was granulated in the routine manner by adding an aqueous solution of polyvinylpyrrolidone as a 
binder. To the granules thus obtained was added talc as a lubricant followed by mixing and the resulting conposition 
was compressed into tablets each containing 20 mg of the main medicine. 



Main medicine 


20 Parts by weight 


Corn starch 


25 Parts by weight 


Lactose 


15 Parts by weight 


Cart)oxymethylcellulose calcium 


10 Parts by weight 


Microcrystalline cellulose 


40 Parts by weight 


Polyvinylpyn-olidone 


5 Parts by weight 


Magnesium stearate 


3 Parts by weight 


Talc 


10 Parts by weight 



Formulation Example 3 (capsules) 

[0054] The following components were granulated by the routine procedure and filled in hard gelatin capsule shells 
to provide capsules each containing 20 mg of the main medicine. 



Main medicine 


20 Parts by weight 


Microcrystalline cellulose 


40 Parts by weight 


Corn starch 


20 Parts by weight 


Lactose 


62 Parts by weight 


Magnesium stearate 


2 Parts by weight 


Polyvinylpyrrolidone 


3 Parts by weight 



40 

Formulation Example 4 (soft capsules) 

[0055] Soybean oil was warmed to SO'^C and the main medicine melted at 60'C was added and dissolved. Then, 
min E was added gradually to prepare a homogeneous mixture, which was then processed into soft capsules each 
45 taining 20 mg of the main medicine. 





Main medidne 


20 Parts by weight 


50 


Vitamin E 


15 Parts by weight 




Soybean oil 


350 Parts by weight 



55 INDUSTRIAL AVAILABILITY 

[0056] Because of the above constitution, the medicinal composition of the present invention is well absorbable after 
oral administration and shows a high level of bioavailability. 
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Claims 



5 



1 , A medicinal composition comprising coenzyme Q^o as an active ingredient with the reduced form of coenzyme Q^o 
accounting for more than 20 weight % of said coenzyme Qio- 

2. The medicinal composition according to Claim 1 wherein said reduced form of coenzyme Qio accounts for 40 
weight % or more of the total coenzyme Qio content. 
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Fig. 1 




(hours) 
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